We examined the immunophenotype of 880 cases with acute leukemia and analyzed their age difference in relation to the morphological subtype and the karyotype. We divided the patients into 3 age groups: child (0-15 years), adult (16-59 years) and elderly (60 years and older) group. The diagnoses based on the French-American-British (FAB) criteria and the immunophenotype as follows: 453 patients as acute myeloid leukemia (AML), 366 as precursor B-cell acute lymphoblastic leukemia (ALL) (24 CD10-cases and 342 CD10+ cases), 10 B-cell ALL and 51 T-cell ALL. In AML, there were no significant age differences in the frequency of FAB subtypes. Karyotypically, the frequencies of t(8;21) and 11q23 decreased with age and that of 5/7/8 abnormality increased with age. As for the immunophenotype in each FAB subtype, CD11b in M2 (0%) and CD34 in M3 (0%) were less commonly expressed in the child group than in the other age groups. Whereas Both CD11b (100%) and CD34 (60%) in M4 were more predominantly expressed in the child group than in the other age groups. Lymphoid antigen, CD19 showed a higher frequency (38.5%) in the child M2 than did other age M2 groups, reflecting the distribution pattern of t(8;21) among the 3 age groups. Additionally, the child group more frequently expressed this antigen (33.3%) than the older groups among CD7+ AML. In ALL, the frequency of CD10+ precursor B ALL was more common in the child group (84%) than in the adult group. On the other hand, B-cell ALL showed a lower frequency (0.7%) in the child group and T-cell ALL did a higher frequency (18.3%) in the adult group than any other age groups, respectively. Although the frequency of t(9;22) increased with age in CD10+ precursor-B ALL, myeloid antigen (CD13/CD33) expression evenly distributed among the 3 age groups. Our results suggest that phenotypic heterogeneity gradually emerged with age irrespective of the pattern of karyotype.
INTRODUCTION
Acute leukemia is known to be a heterogenous disease with diverse morphologic, cytogenetic and clinical characteristics [1, 2] . It is well accepted that there are significant differences in these features of acute leukemia between pediatric and adult cases [3, 4] . The incidence of acute lymphoblastic leukemia (ALL) is much more common in children than in adults, whereas that of acute myeloid leukemia (AML) is more often in adults than in children. In ALL, chromosomal translocation (4;11) is more frequently in pediatric cases than in adult ones [5] . On the other hand, the incidence of t(9;22) (Philadelphia chromosome, Ph) increases with patient age [6] . A hematopoietic stem cell or a bone marrow (BM) microenvironment appears to vary significantly with aging [7, 8] and those changes may possibly influence the nature of leukemia cells. Therefore, comparative studies for age differences in the features of leukemia cells could be expected to provide a clue to clarify the pathogenesis of acute leukemia. Immunophenotyping has offered an objective analysis of various differentiation antigen expression on the surface of leukemia cells and such immunophenotype is recognized as one of important biological natures of these leukemias [9] [10] [11] . However, little data are available about the differences in the phenotypic characteristics of acute leukemia cells according to the age of patients [12] [13] [14] . This may due to that pediatric and adult cases are separately treated by each physician and investigator, respectively and collaboration is restricted among them. In this study, we assessed 880 cases of acute leukemia (age range; 0-95 years) which have undergone immunophenotyping in a single laboratory to investigate the phenotypic differences among the patient age groups (child group; 0-15 years, adult group; 16-59 years and elderly group; 60 years and older) in relation to the morphological subtypes and the karyotypes.
MATERIALS AND METHODS
Patients: Eight hundred and eighty patients with newly diagnosed untreated acute leukemia were studied.
Patients were those referred to leukemia treatment units at eight large regional or tertiary referral hospitals in the Sydney Metropolitan or Newcastle areas in Australia. Diagnostic samples were referred for immunophenotyping studies at the Hematology Department at Westmead Hospital. Hematological diagnosis was made according to the French-American-British (FAB) criteria and immunophenotypes. The patients were classified as follows: 453 patients as AML, 366 as precursor B-cell ALL (24 HLA-DR+CD19+CD10-ALL  and  342 HLA-DR+CD19+CD10+ ALL), 10 B-cell [surface immunoglobulin (sIg)+] ALL and 51 T-cell (CD7+) ALL. According to the age, we divided the patients into 3 age groups: child group (0-15 years, 367 cases), adult group (16-59 years, 351 cases) and elderly group (60 years and older, 162 cases) and compared the immunophenotypes in each subtype of acute leukemia cases among the patient age groups.
Immunophenotyping: Mononuclear cells (MNC) were separated from heparinized peripheral blood (PB) or BM by centrifugation on Ficoll-Isopaque (Pharmacia, Uppsala, Sweden). Before immunostaining, MNC were treated with heat-aggregated human AB serum to prevent non-specific binding of monoclonal antibodies (MoAbs) through Fc receptors. Cell surface antigens were detected by a standard indirect immunofluorescence method, as previously described [15] , using a panel of MoAbs as follows: CD11b (WM20), CD13 (WM15), CD14 (FMC33), CD33(WM53) and CD41(WM18) as myeloid markers; CD2 (WM57) and CD7 (WM31) as T-cell markers; CD10 (WM21) and CD19 (FMC63) as B-cell markers; and HLA-DR (WM2) and CD34 (HPCA1) as stem cell markers. Sheep anti-mouse immunoglobulin (Ig) fluorescein-conjugates (SAM-FITC) was used as a second reagent. As negative controls, mouse IgG1 (WMD10), IgG2a (WMD6) and IgG2b (WMD7) were used. MoAbs of the WM series were produced in authors' laboratory; FMC series, Dr. H.Zola, Flinders Medical Center, Adelaide; HPCA1 from Becton Dickinson (Mountain View, CA); SAM-FITC from Silenus (Melbourne, Australia). Samples were examined by flow cytometry using a Coulter Epics Profile cytometer (Coulter Cytometry, Hialeah, FL). Results were recorded on blast-gated populations. Positivity for each MoAb was uniformly defined as 20% or more of cells positive above the negative control.
Karyotype analysis: Karyotype analysis of bone marrow cells was performed at diagnosis on short term (usually 24 h) BM cultures. Metaphase chromosomes were banded by the conventional Giemsa banding technique and karyotyped according to the International System for Human Cytogenetic Nomenclature (ISCN)(1985). We examined the expression of following karyotypic abnormalities; t(8;21)(q22;q22) shown as t(8;21), t(15;17)(q22;q11) as t(15;17), inv/del(16)(q22) as inv (16) , t/del(11)(q23) as 11q23, -5 or 5q-/-7 or 7q-/8+ as 5/7/8 and the other abnormalities.
Statistical analysis: Differences in the two groups were evaluated by chi-squared test. The statistical analyses were performed by STATISTICA software (Statsoft, Tulsa, OK). The significance level was set at p < .05.
RESULTS AND DISCUSSION
Immunophenotypes of AML: AML cases were classified into one of eight morphological subtypes based on the FAB criteria for AML as follows: M0, M1, M2, M3, M4, M5, M6 and M7. Distribution of FAB subtypes according to the age is shown in Table 1 . The numbers of the cases from child group (0-15 years), adult group (16-59 years) and elderly group (60 years and older) were 67, 247 and 139, respectively. (Table 3 ). 11q23 expression rate also descended with an increase of patient age and the child group (3 of 37 cases, 8.1%) expressed this significantly more often compared to the elderly group (0 of 81 cases)(p<.01). On the other hand, the frequency of 5/7/8 abnormalities rose with increasing (16), other abnormalities and normal karyotype] occurred in each age group with approximately similar frequency. Expression of myelomonocytic (CD11b, CD13, CD14 and CD33) and stem cell (CD34 and HLA-DR) markers in each FAB subtype according to the age is shown in Table 5 . Among these markers, the frequency of CD11b in M2 and M4 and that of CD34 in M3 and M4 varied with patient age. CD11b in M2 was more common in the adult group (14 of 32 cases, 43.8%) than in the child group (0 of 6 cases)(p<.05), whereas CD11b in M4 was found more often in the child group (7 of 7 cases, 100%) than in the elderly group (7 of 12 cases, 58.3%)(p<.05). On the other hand, the frequency of CD34 in M3 ascended with increasing patient age and this was observed at a significantly higher rate in the elderly group (4 of 8 cases, 50%) than in the child group (0 of 8 cases)(p<.05). Whereas CD34 in M4 was less common in the adult group (31 of 151 cases, 20.5%) than in the child group (6 of 10 cases, 60%)(p<.01) and in the elderly group (7 of 15 cases, 46.7%)(p<.05), respectively.
Expression of lymphoid markers (CD10, CD19, CD2 and CD7) in each FAB subtype according to the age is indicated in Table 6 . Among these markers, the frequency of CD19 in M2 was exclusively altered with patient age. CD19 in M2 in the child group (5 of 13 cases, 38.5%) was significantly more prominent than that in the adult group (2 of 42 cases, 4.8%)(p<.01) and that in the elderly group (2 of 23 cases, 8.7%)(p<.05), respectively.
Immunophenotypes (CD13, CD33, CD34, HLA-DR, CD19, CD7 and CD2 expression) in each karyotype [t(8;21), t(15;17) and 5/7/8] according to the age is shown in Table 7 . The differences in the frequencies of such marker expression in each karyotype were not statistically significant among the 3 age groups. Since CD7+ AML is known as an immature subset of AML, we analyzed whether immunophenotypes of such AML cases differ among the age groups (Table 8 ). Only CD19 expression occurred more frequently in the child group (4 of 12 cases, 33.3%) than in the adult group (1 of 30 cases, 3.3%)(p<.01).
Immunophenotypes of ALL:
Distribution of immunological ALL subtypes according to the age is indicated in Table 9 . The numbers of the cases from child group (0-15 years), adult group (16-59 years) and elderly group (60 years and older) were 300, 104 and 23, respectively. The frequency of CD10 precursor Bcell ALL cases showed no statistically significant differences among the 3 age groups. On the other hand, CD10+ precursor B-cell ALL cases occurred significantly more common in the child group (252 of 300 cases, 84%) than in the adult group (70 of 104 cases, 67.3%)(p<.01). The frequencies of B-cell ALL and T-cell ALL cases changed with patient age. B-cell ALL in the child group (2 of 300 cases, 0.7%) was less commonly seen than that in the adult group (6 of 104 cases, 5.8%)(p<.01) and that in the elderly group (2 of 23 cases, 8.7%)(p<.01), respectively. T-cell ALL in the adult group (19 of 104 cases, 18.3%) showed a higher frequency than that in the child group (32 of 300 cases, 10.7%)(p<.05) and that in the elderly group (0 of 23 cases)(p<.05), respectively.
Myeloid antigen expression (CD13 or CD33) was more frequent in B-lineage ALL than in T-lineage ALL, but this difference was statistically significant only for CD33 expression [39 of 309 cases (12.6%) in B-lineage ALL vs. 0 of 41 cases, p<.05] ( Table 10 ). B-lineage ALL (234 of 324 cases, 71.1%) had also more frequent stem cell marker, CD34 expression than did T-lineage ALL (9 of 40 cases, 22.5%, p<.01) (Table 10) . However, the differences in the expression rate of CD13, CD33 and CD34 in each immunological subtype of ALL were not statistically significant among the 3 age groups.
The frequency of t(9;22) in CD10+ precursor Bcell ALL was less common in the child group (0 of 19 cases) than in the adult group (9 of 26 cases, 34.6%) (p<.01) and the elderly group (2 of 5 cases, 40%)(p<.01), respectively. In CD10 precursor B-cell ALL, 11q23 was more frequently seen in the child group (4 of 5 cases, 80%) than in the other age groups, but this difference was not statistically significant.
In this study, we investigated the difference in the cell surface phenotype of acute leukemia among the 3 patient age groups. With regard to morphological FAB subtype in AML, some investigators demonstrated different incidence rates of various FAB subtypes between children and adults [16, 17] . Our results show that there were no statistically significant differences in the frequencies of FAB subtypes among the patient age groups, though the most frequent FAB subtype was different in each age group. However, in consistent with previous reports [8, 6, 17] , the distribution of karyotypes in AML obviously showed age differences. The frequencies of t(8;21) and 11q23 descended and that of 5/7/8 ascended with an increase of patient age, respectively. Within FAB M2 subtype, t(8;21) expression rate also became lower as the patient age increased. The age related phenotypic differences in each AML subtypes we found were the expression rate of CD11b, CD34 and CD19. Myelomonocytic marker, CD11b was less common in the children M2 (0 of 6 cases) compared to the adult M2 (14 of 32 cases, 43.8%, p<.05) and elderly M2 (7 of 20 cases, 35%), respectively. Whereas this molecule was predominant in the children M4 (7 of 7 cases, 100%) compared to the adult M4 (27 of 41 cases, 65.9%) and the elderly M4 (7 of 12 cases, 58.3%, p<.05), respectively. These results may suggest that pediatric cases possess more phenotypically pure character than adult and elderly cases, though this phenomenon restricted to M2 and M4 subtypes. In M4 children, not only CD11b but also CD14 (2 of 5 cases, 40%) and HLA-DR (10 of 10 cases, 100%) had a trend of higher frequencies, suggesting a more monocytoid feature in pediatric M4 than in adult and elderly ones. However, Frenkel et al . [13] . described that age difference in the frequency of CD11b expression was found only in M3, but not in M2 and M4 subtypes: the number of CD11b in M3 markedly decreased in adult patients compared to children. The reason for these discrepancies is not completely clear, but may relate to different patient populations or the different antibodies used. Regarding the stem cell marker, CD34 expression was less common in the children M3 (0 of 8 cases) than in the adult M3 [18, 19] , especially in the pediatric group (4 of 4 cases, 100%) ( Table 7) , these results seemed to reflect the distribution pattern of t(8;21) among the age groups. Additionally, CD19 was expressed more frequently in the child CD7+ AML (4 of 12 cases, 33.3%) than in the adult such AML (1 of 30 cases, 3.3%, p<.01), suggesting a relatively higher involvement of multipotent stem cells [20] in this type of child leukemia. In ALL, the age related difference was observed in the frequency of immunological subtypes of ALL such as CD10+ precursor B-cell ALL, B-cell ALL and T-cell ALL. In consistent with other reports [14, 21, 22] , the frequency of B-cell ALL was less common in the child group (2 of 300 cases, 0.7%) and that of T-cell ALL was more prominent in the adult group (19 of 104 cases, 18.3%) than in any other age groups, respectively. CD10+ precursor B-cell ALL was more common in the child group (252 of 300 cases, 84%) than in the adult group (70 of 104 cases, 67.3%, p<.01). The elderly group, however, showed a similar frequency (20 of 23 cases, 87.0%) of this type of leukemia to the pediatric group. It is possible that the adult group represent a relatively low percentage of such leukemia in comparison with the other age groups due to the high frequency of T-cell ALL. Regarding the karyotype, the incidence of Ph significantly rose with increasing patient age, as previously described 22 . In similar to other reports [5, 23] , the expression rate of 11q23 tended to decrease with patient age. However, this phenomenon had no statistically significant difference probably due to the small number of patients examined in the present study. As for the myeloid antigens, CD13 and CD33, the expression rate was higher in B-lineage ALL than in T-lineage ALL, in consistent to other reports [14] . However, no age related difference was found among the immunological subtypes of ALL. Although in CD10+ precursor B-cell ALL, more Ph+ cases, which commonly express myeloid antigens (CD13 and/or CD33) [24, 25] , were observed as the patient age increased, these antigens evenly distributed among the 3 age groups. Khalidi et al. [14] . described that pediatric precursor B-cell ALLs less commonly expressed Ph, but had a higher frequency of myeloid antigen expression than did adult cases. This report and our results indicate that myeloid associated phenotypes tend to be expressed even in Ph precursor B-cell ALL in pediatric cases. In similar to the presence of CD7 CD19 AML, this phenomenon suggests that phenotypic characteristics of multipotent stem cells, which are targets for leukemogenesis, may be preserved in pediatric cases than in adult and elderly cases.
In conclusion, our results show that there was an association between karyotypic abnormality and patient age at diagnosis, but phenotypic heterogeneity gradually emerged with increasing age irrespective of the pattern of karyotype. As we grow older, hematopoietic cells and BM microenvironment probably accumulate the exposure to various unfavorable internal or environmental factors. Interaction with such agents and an aging of stem cell itself might result in leukemia cells with greater genetic instability and clonal diversity, which is possible to manifest the heterogeneity of phenotypic characteristics independently of karyotypic alterations.
